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Abstract
Rare minnow (Gobiocypris rarus) is a tiny Chinese carp that has a short life cycle and is easily cultured in the
laboratory. In this study, juvenile rare minnows were exposed to waterborne diethylstilbestrol (DES) at 0.05, 0.5 and 5
mgyl in laboratory aquaria. After exposure for 4, 8, 13 and 21 days, juvenile fish were collected and vitellogenin (Vtg)
was measured in whole body homogenates. Native and SDS electrophoresis followed by Western blotting were performed
for Vtg identification, and a non-competitive ELISA was developed. In the DES exposure groups (0.5 and 5 mgyl DES),
Vtg appeared after 4 days, increased significantly after 8 days and reached a maximum on day 13. Further, a significant
increase in the hepatosomatic index (HSI) was found in the 5 mgyl DES exposure group after 21 days. These results
indicate that rare minnow provides a good model for assessing endocrine disruption by environmental estrogens.
 2004 Elsevier Inc. All rights reserved.
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1. Introduction
Studies have shown that a wide variety of man-
made chemicals present in the aquatic environment
may disrupt the vertebrate endocrine system. These
chemicals have been introduced into the environ-
ment through pulp mill effluents, industrial waste,
sewage effluents and agriculture runoff, including
organochlorine pesticides, polychlorinated biphen-
yls (PCB), polycyclic aromatic hydrocarbons
(PAHs), surfactants, plasticizers and synthetic
estrogens (e.g. DES) (Sumpter and Jobling, 1995).
Many compounds can mimic estrogens and affect
the development and reproduction of both verte-
brates and invertebrates by binding to estrogen
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receptors or through ER-independent mechanisms
(Gillesby and Zacharewski, 1998). Considering
the adverse physiological effects of environmental
estrogens on wildlife, many efforts have been made
to develop and validate screening tests. To date,
the regulation of vitellogenesis in oviparous ver-
tebrates has been widely used for the evaluation
of estrogenic effects.
Vitellogenin (Vtg), a yolk precursor protein, is
normally synthesized in the liver of oviparous
females in response to the circulating levels of
estrogen during the reproductive cycle (Mommsen
and Walsh, 1988). Male and juvenile fish do not
synthesize this protein indicated by the low-level
of estrogen in plasma, but they have the genes
encoding Vtg. Exposure to xenoestrogens can trig-
ger Vtg gene expression and lead to Vtg accumu-
lation in blood. Concentration of plasma Vtg in
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male or in juvenile fish exposed to xenoestrogen
may therefore increase by the same order of
magnitude as occurs in females during the repro-
ductive cycle (a million-fold; Mosconi et al.,
1998). Thus, the presence of Vtg in the serum of
male or juvenile fish is a useful biomarker for
assessing the estrogenic contamination of aquatic
environments (Sumpter and Jobling, 1995).
Rare minnow (Gobiocypris rarus) is a Chinese
cyprinid (Re and Fu, 1983). During the last dec-
ade, it has been used as an experimental animal
for biological research. It has many attractive
features that make it a suitable organism in aquatic
toxicity tests. These advantages include small size
(adult 2–8 cm), wide temperature range (0–35
8C), easily cultured in the laboratory, large egg
production (average 266 eggs per hatch and con-
tinuous batch spawner), short embryonic develop-
ment (72 h at 26 8C) and short life cycle (approx.
4 months) (Wang, 1999). It has also been reported
this species is susceptible to heavy metals and
other xenobiotics (Zhou et al., 1995; Lu and Shen,
2002). However, little is known about the effects
of xenoestrogens in this Chinese native species.
The aim of this study is to investigate the
responses of rare minnow to diethylstilbestrol
(DES), specifically Vtg induction. DES is a syn-
thetic non-steroid estrogen. It was used as an
estrogen supplement before its carcinogenic effects
were recognized (Smith and Smith, 1948; Herbst
et al., 1971). DES is chosen as the test compound
for this study because it has been widely used as
a model compound and its effects on reproduction
of human and animals have been well character-
ized (Giusti et al., 1995; Martin et al., 2002). An
understanding of the responses of rare minnow to
DES will help us determine whether this fish
species could provide a good in vivo experimental
model for detecting xenoestrogens.
2. Materials and methods
2.1. Experiment animals
Juvenile rare minnows (average body mass of
424"122 mg) were acclimated for 1 week before
the experiment. During the test, the fish were
maintained in a lightydark cycle of 14:10 h at 23–
26 8C and fed once a day. Mortalities and morpho-
logical changes were recorded daily and dead fish
were removed from the tanks daily.
2.2. Test chemicals
Diethylstilbestrol (DES,)97% purity) was pur-
chased from Sigma. A stock solution, 100 mgyl
in ethanol, was prepared at the beginning of
exposure. It was further diluted in ethanol and the
dilutions were stored at 4 8C. These dilutions were
used to prepare the daily renewal test solutions in
the aquaria.
2.3. Hormone treatment
The juveniles were exposed to DES under semi-
static conditions with a daily renewal of 80% of
the test volume. 35 l glass aquaria were divided
into five treatments. Each aquarium contained 35
fish at the beginning of the experiment. DES
concentrations at 0.05, 0.5, 5 mgyl were main-
tained by adding appropriate volumes of DES
dilutions to the water in the aquaria. Only ethanol
was added in the control group. The final concen-
trations of ethanol in the aquaria were controlled
within 0.01%. On days 4, 8, 13 and 21, 8 fish
from each treatment were randomly sampled,
anaesthetized and sacrificed. Fish were weighed
and their body lengths were measured. Fish were
then transferred to a deep freezer and stored at y
80 8C for subsequent homogenization and Vtg
analysis. At the end of the exposure period the
livers were weighed to calculate the hepatosomatic
index (HSI).
2.4. Preparation of whole body homogenates
(WBH)
Fish were thawed on ice and individually
homogenized in ice-cold phosphate-buffered saline
(PBS; pH 7.3) with a 1:2 ratio of wet mass to
buffer volume in a glass homogenizer. The hom-
ogenate was then centrifuged at 13 000=g for 15
min at 4 8C, and the supernatant was withdrawn
and immediately frozen at y80 8C.
2.5. Gel-electrophoresis
The molecular weight of rare minnow Vtg in
circulating form was estimated by native polya-
crylamide gel electrophoresis (PAGE; Davis,
1964). The number and molecular weight of Vtg
subunits in rare minnow were determined by SDS-
PAGE (0.1% SDS and 4% mercaptoethanol;
Laemmli, 1970). Electrophoresis was conducted
on 7% separation gels and 4% spacer gels at a
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constant voltage of 100 V over 1–1.5 h. After
electrophoresis, the total proteins were stained with
Coomassie brilliant blue R-250.
2.6. Purification of common carp Vtg
Common carp (Cyprinus carpio) Vtg (c-Vtg)
was purified from plasma using a procedure
described by Liang et al. (2002). Vtg was induced
in an adult female carp using two intraperitoneal
injections of 17a-ethynylestradiol (EE2, 1 mgy
kg), spaced 7 days apart. Blood sample was taken
from caudal vein and centrifuged at 13 000=g for
10 min. The resulting plasma was subjected to
anion-exchange chromatography on DEAE-
Sepharose CL-6B equilibrated with 25 mmolyl
Tris–HCl buffer (pH 7.5). The column was eluted
with a gradient of 0.1–0.5 molyl NaCl in 25
mmolyl Tris–HCl buffer (pH 7.5) containing
PMSF (2 mmolyl) at 4 8C and 1.5 mlymin. The
elution profile was monitored at 280 nm. Fractions
were electrophoresed and those containing purified
Vtg were pooled and stored at y80 8C.
2.7. Preparation of polyclonal antibodies against
Vtg
Polyclonal antibodies against Vtg were produced
in rabbits as described by Tolar et al. (2001),
using six rabbits each injected four times over 8
weeks with 1 mg Vtg dissolved in 1 ml distilled
water and 1 ml Freund’s incomplete adjuvant.
Rabbits were bled 2 weeks after the final immu-
nization. Antiserum was purified from blood by
centrifugation at 13 000=g for 10 min and stored
at y80 8C.
2.8. Western blotting
Western blotting was conducted according to
the method described by Mosconi et al. (1998).
Several studies have shown that the Vtg molecule
is highly conserved within the cyprinid family and
that the c-Vtg antibody can be used to determine
Vtg in a wide variety of cyprinid fish (Tyler and
Sumpter, 1990; Tyler et al., 1996). Thus, we have
used common carp Vtg antibody as the first anti-
body in the present study.
Proteins from whole body homogenates of
mature male, mature female, untreated and DES-
treated rare minnow were separated by electropho-
resis. Duplicate gels were run. One gel was stained
with Coomassie brilliant blue R-250. The proteins
of the other gel were electrophoretically transferred
onto a nitrocellulose membrane in Tris-glycine
buffer (pH 8.3) at 100 V for 1 h. After transfer,
the membrane was blocked with 10% milk (fat
free) in PBS (pH 7.3) containing 0.05% Tween-
20 (PBST) overnight at 4 8C. The membrane was
washed three times with PBST and then incubated
with common carp Vtg antiserum diluted 1:2000
in PBST for approximately 45 min at 30 8C. After
another three washes, the membrane was incubated
with goat anti-rabbit IgG coupled with horseradish
peroxidase (HRP) diluted 1:400 for another 45
min at 30 8C. Following three final washes, freshly
prepared 0.025% diaminobenzidine, 0.03% hydro-
gen peroxide, 25 mmolyl Tris–HCl was used as
substrate to visualize the membrane. Distilled
water was added to stop the reaction, and the
membrane was dried with filter paper.
2.9. ELISA
The development of an ELISA was based on
the method described by Denslow (1999). Purified
Vtg of common carp was used as the Vtg standard.
Both the standard and samples were diluted with
PBS (pH 7.3) in a range of 10–500 ngyml. After
dilution, they were pipetted in triplicate into a 96-
well culture plate (100 mlywell). The plate was
coated overnight at 4 8C. After washing the plate
with PBST, free binding sites in the wells were
blocked overnight with 3%BSA in PBST (360 mly
well). Then the plate was washed again and coated
with c-Vtg antibody at 30 8C for 1 h (100 mly
well). After washing, a goat anti-rabbit antibody
coupled with HRP in PBST was added and incu-
bated another 1 h at 30 8C (100 mlywell). After a
final washing step, 0.1 molyl citrate buffer (pH
5.0) containing 1 mgyml of o-phenylene-diamine
dihydrochloride (Sigma) and 0.04% (vyv) hydro-
gen peroxide was added (100 mlywell). The
enzyme reaction was stopped after 30 min by
adding 2 molyl sulfuric acid (50 mlywell). The
optical density was measured at 490 nm with a
microtiter plate reader.
The concentration of rare minnow Vtg in hom-
ogenate samples was normalized to body mass of
the corresponding sample and expressed in mgyg
fish. The robustness of the ELISA was assessed
with the measurement of inter-and intra-assay var-
iation, where the variation of intra-assay was
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Fig. 1. Binding curve obtained with the following antigens: j,
serial dilution of common carp (Cyprinus carpio) vitellogenin
(Vtg); d, serial dilution of whole body homogenate (WBH)
from mature female rare minnow (G. rarus); s, serial dilution
of whole body homogenate from mature male rare minnow.
measured by adding the same internal standard to
one microtiter plate 12 times, and the variation of
inter-assay was measured by comparing various
dilutions of the same internal standard added to
12 different microtiter plates. The detection limit
of the ELISA was calculated as the lowest standard
with an absorbance at least three times higher than
the standard deviation of the first value that was
significantly different from the ELISA control
wells. The ability of the ELISA to quantify rare
minnow Vtg in whole body homogenates across a
wide range was determined through running serial
dilutions of WBH and comparing the dilution
curves with the c-Vtg standard.
With the intention to develop a valid and sen-
sitive ELISA, assay parameters such as the range
of standard curves, dilution of antibodies, matrix
effect, dilution of WBH samples, incubation time
and buffer, were investigated and optimized. After
optimization of these parameters, a linear response
was observed in the range from 10 ngyml purified
Vtg standard to 350 ngyml (ys0.0071xq0.0893,
R s0.9931). Sensitivity of the ELISA was 4.52
ngyml; intra-assay variation was 3.8% (ns12)
and the inter-assay variation was 11.4% (ns12).
Serial dilutions of WBH from female rare minnow
showed parallelism with the c-Vtg standard (Fig.
1). These made the method suitable for quantifying
changes of Vtg concentrations in rare minnows
exposed to xenoestrogens.
2.10. Statistics
Values are expressed as mean"S.D. ANOVA
was used to detect significant differences between
means and the Spjotvoll-Stoline test was used to
contrast means with respect to the control group.
P values below 0.05 were set as significant.
3. Results
3.1. Identification of Vtg in rare minnow
Initial experiments were directed to identify Vtg
in WBH of rare minnow. Native PAGE was applied
to separate the samples of control, DES-treated
juvenile rare minnow, mature females and mature
males. A clear major protein band with low elec-
trophoretic mobility was observed in mature
females and DES-treated juvenile fish, but not in
males and controls (Fig. 2a). To determine whether
the protein was Vtg, Western-blotting was con-
ducted with the polyclonal antibody against com-
mon carp Vtg as the first antibody. After native
gel eletrophoresis, the immunoglobulins recog-
nized a single protein band with an estimated
molecular mass of 540 kDa in WBH of the
females, whereas no binding was found in WBH
of males (Fig. 2b). Based on the above results, it
was concluded that the protein was Vtg.
The protein was further identified by SDS-PAGE
and Western-blotting. After separation by SDS-
PAGE, the protein presumed to be rare minnow
Vtg produced two bands: one band at approxi-
mately 120 kDa, and the other at approximately
103 kDa. The two bands were prominent in the
WBH of mature female rare minnow and DES-
treated rare minnow, but were absent in the WBH
of unexposed fish (Fig. 3).
3.2. Vitellogenin response in juvenile rare minnow
exposed to DES
The Vtg concentrations in WBH were semi-
quantified by ELISA. Waterborne exposure of DES
resulted in a time-dependent and dose-dependent
increase in the WBH Vtg level of the juvenile rare
minnow (Fig. 4). Vtg in fish from all groups was
approximately 45 ngyg fish at day 0. However,
with the DES treatment, the Vtg level started to
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Fig. 2. Native PAGE (a) and Western blotting analysis (b) of whole body homogenates from control, mature male, mature female, and
juvenile rare minnow (G. rarus) exposed to 5 mgyl diethylstilbestrol (DES) for 13 days. Lane 1, Molecular marker; Lane 2, male;
Lane 3, female; Lane 4, control; Lane 5, DES-treated juvenile fish.
Fig. 3. SDS-PAGE (a) and Western blotting analysis (b) of whole body homogenates from control, mature male, mature female and
juvenile rare minnow (G. rarus) exposed to 0.5 and 5 mgyl diethylstilbestrol (DES) for 13 days. Lane 1, Molecular marker; Lane 2,
0.5 mgyl DES-treated juvenile fish; Lane 3, 5 mgyl DES-treated juvenile fish; Lane 4, control; Lane 5, mature male; lane 6, mature
female.
increase and reached a maximum at day 13. The
maximum WBH Vtg level was 22675 mgyg fish.
During the experiment, Vtg concentrations in fish
from control groups were below 60 ngyg fish.
3.3. Survival, pathological changes and somatic
growth
During the test period, all fish survived except
in the 5 mgyl exposure group where survival was
84.4%. Fish from the 0.5 and 5 mgyl also exhibited
physical changes. The most obvious finding was
subcutaneous hemorrhaging, which did not occur
in 0.05 mgyl DES and control groups. In the fish
exposed to 5 mgyl DES for 21 days the HSI was
significantly higher than that of control. Statistical
analysis of the data indicated no significant effects
on somatic growth of rare minnow in all DES-
exposed groups (Table 1).
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Fig. 4. Vitellogenin (Vtg) concentrations in juvenile rare minnow (G. rarus) exposed to diethylstilbestrol (DES). Values are
means"S.D. The asterisks denote significant difference from the control at P-0.05.
Table 1
Effects of waterborne DES on growth, survival and pathological response of rare minnow (G. rarus)
Exposure day DES concentration Total length Wet mass HIS Number of Fish with subcutaneous
(mgyl) (mm)a (mg)a (%) deaths hemorrhage
4 Control 32.8"2.8 387.5"97.4 – 0 0
0.05 34.0"3.8 440.7"179.1 – 0 0
0.5 33.8"1.8 481.6"91.5 – 0 0
5 34.9"2.9 527.4"126.1 – 0 0
8 Control 32.7"4.0 347.2"148.8 – 0 0
0.05 37.1"3.9 403.4"139.3 – 0 0
0.5 35.8"3.4 450.4"187.1 – 0 1
5 33.2"1.5 403.7"44.5 – 1 2
13 Control 33.9"2.4 388.8"80.0 – 0 0
0.05 34.4"2.0 432.6"113.1 – 0 0
0.5 33.8"2.4 426.6"98.5 – 0 0
5 31.4"2.7 341.4"133.7 – 2 3
21 Control 34.4"3.3 411.3"107.9 1.7"0.8 0 0
0.05 34.9"3.4 453.1"126.3 1.8"0.5 0 0
0.5 33.0"1.4 398.5"63.1 2.8"0.9 0 0
5 33.5"3.1 344.2"85.2 5.3"0.9* 4 2
Values are means"S.D. (ns6–8). * P-0.05.a
4. Discussion
In this study, the identification and induction of
Vtg in rare minnow are reported for the first time.
Following native PAGE, the protein band of 540
kDa mass was identified as Vtg in the WBH of
DES-treated juvenile fish. This protein is suggested
to be the Vtg of rare minnow for the following
reasons: (a) it can be detected only in the WBH
of females; (b) it is inducible with estrogen; and
(c) its electrophoretic characteristics are typical
for fish Vtgs (DeVlaming et al., 1980; Silversand
et al., 1993). The molecular mass of Vtg in rare
minnow is in general agreement with those report-
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ed previously for other teleosts (Christensen et al.,
1999; Holbech et al., 2001).
Vtg induction caused by xenoestrogens has been
reported in several fish species. Intraperitoneal
injection of 4-nonylphenol leads to a dose-depend-
ent increase of Vtg in male flounder (Christensen
et al., 1999). Waterborne exposure of E2 and EE2
induces Vtg synthesis in male zebrafish (Rose et
al., 2002). Vtg content of juvenile fathead minnow
also increases after being exposed to DES, EE2,
methoxychlor, 4-tert-pentylphenol, and genistein
(Panter et al., 2002). All these fish used are good
test organisms, but their usefulness in China may
be limited owing to certain reasons. In this study,
rare minnow was found to be sensitive to an
estrogenic compound. It reacted rapidly to DES
with a significant increase in the Vtg concentration
within 4 days from the first exposure. Vtg content
increased by approximately five orders of magni-
tude after 13 days exposure, to levels higher than
that in mature female rare minnow (16.72 mgyg
fish). This is comparable to the response of juve-
nile fathead minnow and immature rainbow trout
to DES (Christiansen et al., 1998; Panter et al.,
2002).
Both hepatic total RNA and the HSI have been
found to increase after estradiol-treatment (Kors-
gaard et al., 1983; Christiansen et al., 1998, 1999).
Their increase is indicative of accelerated hepatic
protein synthesis. As Vtg is the main circulating
protein that increases with exogenous estrogen
treatment, the induction of protein synthesis in the
liver is most likely due to an increase in the
synthesis of Vtg. In the present study, Vtg induc-
tion was also observed along with an increase in
the HSI. Although the increase of the HSI was not
as marked as that observed for Vtg, it also indi-
cated a dose-dependent effect by treatment with
DES.
Survival of fish was also affected after 21 days
of DES exposure. Increase in mortality has been
reported in several fish after exposure to xenoes-
trogens. The mortality of adult medaka increases
after exposure to 227 and 463 ngyl E2 for 21 days
(Kang et al., 2002). Treatment with 183 mgyl 4-
nonylphenol significantly reduces embryo survival
of sheepshead minnow (Yokota et al., 2001).
Decreases in survival may be due to organic
lesions caused by xenoestrogens (Zaroogian et al.,
2001). Growth has been routinely used to assess
chemical effects. However, exposure to DES for
21 days did not cause any significant effects on
somatic growth in this study. The result is consis-
tent with that observed in other studies under
similar exposure conditions (Lye, 1998; Scholz
and Gutzeit, 2000; Panter et al., 2002). It suggests
that growth may not be the most sensitive indicator
for some endocrine disruptors.
In conclusion, exposure to DES for 21 days led
to a dose-dependent increase of Vtg contents, HSI
and mortality in juvenile rare minnow. These
results suggest that rare minnow provides a good
model for assessing endocrine disruption by envi-
ronmental estrogens.
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